• 



• 



and the distance between the end portion of the drain bus line 12 and the end portion of the 
pixel electrode 16 is equal to 7 urn. 

REMARKS 

As a preliminary matter, applicant has amended the Specification to remove 

informalities. No new matter has been added. 

Claim 1 stands rejected under 35 U.S.C. § 102(e) as being anticipated by Kuo 
(U.S.Patent No. 6,424,397). In response, Applicants respectfully traverse the rejection 
because the Kuo reference does not disclose, among other things, an auxiliary protrusion 
structure extending from the protrusion structure and opposing to each of the facing end 
portions of the second electrode, wherein a width of the auxiliary protrusion structure is 
wider than a width of the linear protrusion structure. 

Kuo is directed to a method of forming a wide-viewing angle liquid crystal 
display. As illustrated in Fig. 5d, a transparent electrode layer 412 is formed above a glass 
panel 400 over a common line 408. Second protrusion elements 418 have protrusion wings 
418a to prevent erroneous tilting of liquid crystal molecules. As illustrated in Fig. 5e, the 
protrusion wings 41 8a extend around the peripheral region of the transparent electrode layer 
412, but do not oppose each of the facing end portions of the transparent electrode layer. 

Kuo also fails to disclose that the width of the protrusion wings 41 8a is wider 
than a width of the second protrusion elements 418. As stated in MPEP 2126, it is well 
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established that patent drawings do not define the precise proportions of the elements, and 
may not be relied on to show particular sizes if this specification is completely silent on the 
issue. Since the Kuo reference is silent on the proportions of the protrusion wings 418a 
relative to the second protrusion elements 418, Applicants submit that the Kuo reference does 
not disclose a width of the auxiliary structure that is wider than a width of the linear 
protrusion structure. For these reasons, Applicants request withdrawal of the rejection of 
claim 1. 

Attached hereto is a marked-up version of the changes made to the 
Specification by the current amendment. The attached Appendix is captioned " Version with 

Markings to Show Cha nges Made." 

Applicants submit that this Application is in condition for allowance, which is 
pectfully requested. The Examiner is invited to contact the undersigned attorney if an 



res 1 



interview would expedite the prosecution. 



Respectfully submitted, 

GREER, BURNS & CRAIN, LTD. 



By 



Jdseph P. Fox 
Registration No. 41,760 



December 13, 2002 
Customer Number: 24978 

300 S. Wacker Dr. Suite 2500 
Chicago, Illinois 60606 
Telephone: (312)360-0080 
Facsimile: (312) 360-9315 

K:\ 1 324\644%\Amendmerit A doc 
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„„ A , AAti , Serial No. 09/61 1,846 

1324.64496 

VFKSION WITH MARKINGS TO SHOW CHANGES MADE 

TN THE SPECIFICATION : 

Please enter the following amended paragraph, which begins on page 1 , line 

21, of the Specification: 

Although the TN mode liquid crystal display has advantages such as a 
capability of miniaturization, the TN mode liquid crystal display has disadvantages that, first, 
the viewing angle is narrow and, second, contrast is low. As a method to improve the first 
disadvantage and to obtain the larger viewing angle, there is an alignment division. 
According to the alignment division, a single pixel is divided into two areas and the liquid 
crystal is made to arise and lie down to one direction in one area while the liquid crystal is 
made to arise and lie down to the other direction in the other area, thereby forming the areas 
with different viewing angle characteristics within a single pixel. When ebse^pbserved 
as a whole, the viewing angle characteristics «are leveled and ajarger viewing angle is 
obtained. 

Please enter the following amended paragraph, which begins on page 2, line 9, 
of the Specification: 
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In order to control the alignment of the liquid crystal, rubbing is usually 
performed on the alignment film. When domain dividing is performed, throne area of the 
single pixel is rubbed in a first direction by using a mask and the other area of the single pixel 
is rubbed in a second direction which is the opposite direction from the first direction by 
using a complementary mask. Asln another way, the whole alignment film may be rubbed in 
the first direction and ultraviolet irradiation is selectively performed in one area or in the 
other area of the single pixel by using the mask, thereby creating a difference in pre-tilt in the 
liquid crystal between in-one area and the other area. 

Please enter the following amended paragraph, which begins on page 2, line 

21, of the Specification: 

Since the liquid crystal display using the horizontal alignment film requires te 
paterubbing, damages generated by contamination or static electricity eeewredoccurring 
during the rubbing process ^m^\s a main cause of reduction in yield. 



Please enter 



the following amended paragraph, which begins on page 3, line 6, 



of the Specification: 

The Japanese Patent Application No. 10-185836 by the applicant of this 
application proposed a liquid crystal display which can control the alignment of the liquid 
crystal without rubbing. This liquid crystal display is a VA mode liquid crystal display 
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having the vertical alignment film and the liquid crystal with negative dielectric anisotropy 
andha^alinearrt 

in order to control the alignment of the liquid crystal. 



Please enter 



the following amended paragraph, which begins on page 3, line 



19, of the Specification: 

This MVA liquid crystal display has an advantage that rubbing is not required 
and, further, the domain dividing is achieved by the arrangement of the linear structure. 
Therefore, this MVA liquid crystal display can obtain thea wide viewing angle and high 
contrast. Since rubbing is not required, a-fabrication of the liquid crystal display is simple, 
the contamination due-to stewgMhe alignment film during the rubbing process is 
eliminated, and reliability of the liquid crystal display is improved. 



Please enter 



the following amended paragraph, which begins on page 3, line 



28, of the Specification: 

Fig. 32 is a diagram of a basic structure of the MVA liquid crystal display, 
showing a single pixel and its periphery. Further, throughout the diagram, items assigned the 
reference eedenum^ indicate the same thing and itstheir repeated description is 



same 
omitted 
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Please enter the following amended paragraph, which begins on page 4, line 

24, of the Specification: 

Although not shown, on a color filter substrate (hereinafter, referred to as a CF 
substrate) where a color filter is formed, a protrusion 20 t o be a structure to control the 
alignment of the liquid crystal on the CF substrate side is formed and controls the alignment 
of the liquid crystal together with the slit 18 on the TFT substrate. 

Please enter the following amended paragraph, which begins on page 4, line 

30, of the Specification: 

For example, when a diagonal distance of an XGA LCD (liquid crystal display) 
panel is equal to 1 5 inches, the size of a single pixel is equal to 99 umX297 urn, the widths of 
the slit 1 8 and the protrusion 20 are equal to 1 0 urn each, the distance between the slit 1 8 and 
theprotmsion20v^^^ Mm. Further, the width of the connecting portion 

16a of the pixel electrode 16 is equal to 4 urn and the distance between an end portion of the 
drain bus line 12 and an end portion of the pixel electrode 16 is equal to 7 urn. 

Please enter the following amended paragraph, which begins on page 5, line 

11, of the Specification: 

Fig. 33a shows a state of the liquid crystal when no voltage is applied between 
the electrodes on a pair of substrates. The pixel electrode 16 is formed on a glass electrode 
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24 at the TFT substrate side, and the slit 1 8 is formed on the pixel electrode 1 6. Further, an 
alignment film (vertical alignment film) 32 is formed covering the pixel electrode 16 and the 
slit 1 8. On the other hand, a common electrode 26 is formed on a whole surface of ana glass 
substrate 22, facing the pixel electrode 16, and the protrusion 20 made of an insulator (a 
dielectric) such as phete^=esistphciOTesist is formed on the common electrode 26. Further, an 
alignment film (vertical alignment film) 28 is formed covering the common electrode 26 and 
the protrusion 20. 

Please enter the following amended paragraph, which begins on page 5, line 

25, of the Specification: 

Furthermore, a liquid crystal layer LC is in between the TFT substrate and the 
CF substrate, and liquid crystal molecules (indicated by ellipses in the diagram) are aligned 
perpendicular to the alignment films 32 and 28. Therefore, the liquid crystal molecules are 
also aligned perpendicular to the alignment film 28 formed on the surface of the protrusion 
20, and the liquid crystal molecules adjacent to the surface of the protrusion 20 are in an 
inclined state against the glass substrate 22. However, when closely observed, the liquid 
crystal molecules adj acent to the surface of the protrusion 20 are not aligned perpendicular to 
the alignment film 28, because the liquid crystal molecules are aligned substantially 
perpendicular to the glass substrate 22 by the alignment film 28 in the area where the 
protrusion 20 is not formed and due to the continuum characteristics of the liquid crystal, the 
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liquid crystal molecules follow the liquid crystal molecules occupying a mest-portion mof the 
pixel and are in a state inclined from the direction perpendicular to the alignment film 28 to 
the direction of a normal line of the glass substrate. Also, although not shown, a pair of 
polarizing plates are arranged on the outside of the glass substrates 22 and 24 in the state of 
Nicol. Therefore, in a state where_no voltage is applied, the display becomes a black 



cross 
display 



Please enter the following amended paragraph, which begins on page 6, line 

17, of the Specification: 

Fig. 33b shows equipotential lines when voltage is applied between the 
electrodes on a pair of substrates and Fig. 33c shows the state of the liquid crystal in the case 
above. As shown by equipotential lines shown by dotted equipeteirtial-lines in Fig. 33b, 
when voltage is applied between the electrodes 16 and 26, distribution of an electric field in 
the portion where the slit 18 and the protrusion 20 are formed becomes different from the 
other portion. This is because in the portion where the slit 1 8 is formed, an oblique electric 
field is formed from the end portion of the electrode toward the opposing electrode, and in 
the portion where the protrusion 20 is formed, the electric field is distorted, since the 
protrusion 20 is a dielectric provided on the electrode 26. Therefore, as shown in Fig. 33c, 
the liquid crystal molecules lie toward the direction of the arrow in the diagram. In other 
words, the liquid molecules lie toward the direction perpendicular to the direction of the 
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electric field depending on the magnitude of the voltage, thereby providing a white display in 
a state when voltage is applied. At this time, when the protrusion 20 is arranged linearly as 
shown in Fig. 32, the liquid crystal molecules adjacent to the protrusion 20, having the 
protrusion 20 as the boundary, lie to two substantially perpendicular directions to the 
direction where the protrusion 20 is arranged. Since the liquid crystal molecules adjacent to 
the protrusion 20 are slightly inclined toward the perpendicular direction to the substrate even 
when no voltage is applied, the liquid crystal molecules adjacent to the protrusion 20 quickly 
respond to the electric field and lie down, followed by surrounding liquid crystal molecules 
which also lie down quickly ^^^mdM^nflucnccd by the electric field. In thea 
similar manner, when the slit 18 is provided linearly as shown in Fig. 32, the liquid crystal 
molecules adjacent the slit 18, having the slit 18 as a boundary, also lie to two substantially 
perpendicular directions to the direction where the slit 18 is arranged. 

Please enter the following amended paragraph, which begins on page 7, line 

21, of the Specification: 

Thus, in the area between the two alternate long and short dash lines in Fig. 
33a, the liquid crystal molecules fall down to the same direction. In other words, the area 
aligned in the same direction if formed. This area is indicated by [A] in Fig. 32. As shown 
representatively by [A] through [D] in fifrFig, 32, since areas aligned to four different 
directions are formed in a single pixel, in the MVA liquid crystal display 1 30, characteristics 
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can 



m 



of wide viewing angle can be obtained. It will be noted that ^alignment control IMs 
b^not only be performed when the slit 1 8 and the protrusion 20 are combined as shown 
Figs. 32, 33a, 33b and 33c, but also th e same alignm e^entre^a n be p e rformed when a 
protrusion or a slit and a slit, as a structure to control the alignment, are combined. 

Please enter the following amended paragraph, which begins on page 8, line 4, 

ofthe Specification: 

However, although wide viewing angle can be obtained in the MVA liquid 
crystal display 130, an area ofliquid crystal molecules that_are not stable exists, and 
therefore, the problem of reduction in brightness exists. In other words, when voltage is 
applied between the electrodes, an alignment defect area 40 shown by hatching in Fig. 32 
occurs. Since this alignment defect area 40 is an area where_ the transmisivity ofthe light is 
poor, the alignment defect area results in a reduction in brightness when the white display is 
performed. When viewed p^mMsMooflmJl, this alignment defect area 40 occurs 
on the side where the structures (protrusion of slit) provided on the CF substrate form an 
obtuse angle with an edge portion ofthe pixel electrode 16. This ea^occurrence ofthe 
alignment defect area 40 is caused by a lateral electric field and the like generated by an 
influence ofthe drain bus line 12 at the edge portion ofthe pixel electrode 16. In the area 
where this alignment defect area 40 occurs, the liquid crystal molecules lie in the different 
alignment direction from the alignment direction controlled by the structures (the slit 1 8 and 
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the protrusion 20 in Fig. 32) provided on a pair of substrates. In other words the alignment of 
the liquid crystal molecules is disturbed in this area due to the occurrence of the lateral 
electric field and the like, thereby resulting in a deterioration in display characteristic of the 
MVA liquid crystal display 130. 

Please enter the following amended paragraph, which begins on page 9, line 
29, of the Specification: 

Fig. 35b shows a state when the auxiliary protrusion 20c is formed at the 
portion of the level difference of the black matrix. The auxiliary protrusion 20c is formed to 
cover the portion where there is the level difference. In such a state, the height dl of the 
level difference is equal to approximately 0.2- 1 .5 jim as described above, and the height from 
the peak portion of the auxiliary protrusion 20c is equal to approximately 1.0-2.0 jim. The 
auxiliary protrusion 20c functions to atabl yrotatably align the liquid crystal molecules by 
easing the inclination at the portion where there is the level difference and no to concentrate 
the electric line of force by forming a material with low dielectric constant at the portion 
where there is the level difference at an angular portion. For example, a relative dielectric 
constant 8 of the liquid crystal is approximately 6-8 and the relative dielectric constant £ of 
the protrusion material is approximately 3-4. 
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Please enter the following amended paragraph, which begins on page 1 1, line 

25, of the Specification: 

Fig. 36b shows a case when other color filter shape is applied on the CF 
substrate, in which a chrome shading film 34 is formed as the black matrix and the color 
filter is formed on the shading film 34 by pattering the color resin. In this case, the width dl 
of the auxiliary protrusion 20c is also equal to approximately 10 urn and the width d2 where 
the auxiliary protrusion 20c and the pixel electrode 16 overlap is also designed to be 
approximately 4 urn. As shown in fig. 36b, when formed according to the design value, the 
concentration of electric foelines of force heading outwards from the display area is 
suppressed, the alignment of the liquid crystal molecules is stabilized and the display 
becomes favorable. However, at the stage when a product is actually fabricated, various 
irregularities during the fabrication occur, and in many cases desired characteristics are not 
obtained. 

Please enter the following amended paragraph, which begins on page 14, 

line 25, of the Specification: 

When observing like-this, if the design value of the overlapping width, in other 
words, if the design center is equal to approximately 4 urn, the irregularity in 
sheemg shooting occurs at a ratiettiatio of substantially 50%. The range of the values for the 
actual overlapping widths in this case is considered to vary from approximately 1 urn to 7 
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um. If the design center is equal to approximately 6 um, the shot irregularities are almost 
eliminated. The overlapping width in this case is considered to vary from approximately 3 
um to 9 um. 

Please enter the following amended title, which begins on page 15, line 19, 

of the Specification: 

SUMMERY SUMMARY OF THE INVENTION 

Please enter the following amended paragraph, which begins on page 20, line 

6, of the Specification: 

On a CF substrate where a color filter not shown is formed, a protrusion 20 
which is to be a structure to control the alignment of the liquid crystal on the CF substrate 
side is provided diagonally to the pixel, and controls the alignment of the liquid crystal along 
with the slit 1 8 on the TFT substrate. The slit 1 8 and the protrusion 20 are placed alternately 
when viewed in the plane -pkme4y. Further, an auxiliary protrusion 20a is formed to extend 
out of the protrusion 20 along the end portion of the pixel electrode 16. The auxiliary 
protrusion 20a is formed by extending out of the protrusion 20 at a side, where the protrusion 
20 and a pixel electrode 20a form an obtuse angle, at the part where the protrusion 20 
intersects the pixel electrode 16 when viewed in the plane pkmety. 
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Please enter the following amended paragraph, which begins on page 20, 
line 20, of the Specification: 

For example, when the MVA liquid crystal display 100 is an XGA LCD panel 
which has a diagonal distance of 1 5 inches, the size of a single pixel is equal to 99 |im X 297 
jim, the widths of the slit 18 and the protrusion 20 are equal to 10 ^im respectively, and the 
distance between the slit 1 8 the protrusion 20 when viewed in the plane pkmety is equal to 25 
|im. Further, the width of the connecting portion 16a of the pixel electrode 16 is equal to 4 
[im and the distance between the end portion of the drain bus line 12 and the end portion of 
the pixel electrode 16 is equal to 7 |im. 
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